Objective: This study is designed to observe the chronic toxicity after the administration of mulberry sea-buckthorn beverage concentrate for 3 months on rats and to predict the possible adverse effect and the potential toxicity target organs. Method: The rats (SPF level) were randomly divided into high-dose (20 mL/kg BW), middle-dose (10 mL/kg BW), low-dose (5 mL/kg BW) groups and negative control group (20 mL/kg BW of purified water) with 30 rats in each group. Each group was orally given mulberry sea-buckthorn beverage concentrate for 3 months and recovered by stop feeding samples for 2 weeks for a recovery observation. The rats' general condition, the organ coefficient, the indexes of hematology and blood biochemistry and the histological changes of the main organs were determined. Result: The appearance and behavior of activity in rats showed no anomalies in all these groups and all the rats put on weight during this period. Comparing to the negative control group, no obvious differences were observed in the weekly weight and organ coefficient of each dose group. After 3 months of administration, HGB in both mulberry sea-buckthorn beverage concentrate low-dose group and high-dose group were increased. No significant differences were observed in the indexes of hematology after 2 weeks of recovery. CREA in low-dose, middle-dose and high-dose groups were significantly increased after 3 months of administration and it remained in the high level in middle-dose and high-dose group even after 2 weeks of recovery. No drug-related lesions were observed in the histological changes of major organs. Conclusion: The results show that long term use of mulberry concentrated sea-buckthorn beverage can lead to increased CREA, which suggested kidney toxicity. Although no obvious pathological change was found in kidney, we should pay attention to chronic kidney damage in the further research.
Introduction
In China, traditional Chinese medicines were used in almost all diseases for Chinese patients. Many Chinese people choose traditional Chinese medicines as their favorite because the efficacies of traditional Chinese medicines have been proved by Chinese people's experiences in the past 5000 years. However, the toxicities, especially the chronic toxicities, of traditional Chinese medicines were not comprehensively studied due to the technical limitation of toxicology. In fact, toxicities of some traditional Chinese medicines were reported recently [1] [2]. Safety re-evaluation of traditional Chinese medicines is needed.
Mulberry sea-buckthorn beverage concentrate is composed of the fruit of mulberry and sea-buckthorn. The fruit of mulberry was usually taken as food or medicine in China. Studies showed that the fruit of mulberry contained polyphenol, volatile oil, polysaccharide, amino acid, and so on. To Chinese experiences, mulberry has the efficacy of enhancing immunity, antioxidant, antibacterial, reducing blood sugar, protecting liver and cardiovascular system [3] . Literature [3] has summarized the clinical application of the fruit of mulberry. It can be used for chronic hepatitis, hypertension, hyperlipidemia, diabetes mellitus, aplastic anemia, gastrointestinal diseases (gastric ulcer, duodenal ulcer, chronic gastritis, colitis), senile constipation and sleep disorders, blood deficiency caused by dizziness and tinnitus, sequelae of cerebral concussion, eye disease, et al. [4] .
Sea-buckthorn (Hippophae rhamnoides Linn) is one of common deciduous shrubs of Elaeagnaceae; its main chemical constituents are flavonoids, terpenoids, steroids, volatile oil, organic acids, phenols, carbohydrates, including 14 kinds of vitamins, 12 kinds of organic acids and sugar, 22 kinds of amino acid and amide class, 7 kinds of fatty acid, 32 kinds of fat, 30 kinds of phenolic and flavonoid, and 29 kinds of trace elements [5] .
Sea-buckthorn has many pharmacological effects and clinical applications, including cardiovascular and liver protection, enhancing immunity, restraining cancer, preventing atherosclerosis and delaying aging [6] . Studies have shown that sea-buckthorn could delay aging in drosophila [6] .
Chronic toxicity test, as the main content of pre-clinical toxicity evaluation, has been widely used for preclinical toxicity assessment in medicine and health food. In this study, a chronic toxicity test has been performed to evaluate the chronic toxicity of mulberry sea-buckthorn beverage concentrate.
Materials and Methods

Animals
120 healthy SPF SD rats, 5 -6 weeks of age, provided by medical laboratory animal center of Guangdong, were randomly divided into 4 groups with half male and half female, which are control group, low-dose group, middle-dose group and high-dose group. During administration, external signs, behavioral, mental state, reaction, activity, stool, eyes and cavity secretion, hair color, the general condition were daily observed and recorded. And body weight and food intake were measured and recorded weekly. This study has been permitted by Ehics Committee of GDIFDC.
Sample and Experimental Design
Mulberry sea-buckthorn beverage concentrate was produced by Sichuan Chengdu Hongyi Food Co., Ltd., which clinical dose is 0.667 mL/kg BW. In this study, the clinical doses of 7.5, 15, 30 times respectively as low-, medium-, high-dose group experiment.
Rats were oral exposed to sample with dosage of 5 mL/kg BW, 10 mL/kg BW, 20 mL/kg BW by once a day, 6 days a week, 3 months (Weeks 0-13). Negative control group were given equal volume of purified water. 3 months after the last feeding sample, 2/3 rats (half male and half female) were sacrificed for hematological examination, blood biochemistry determination and histopathology analyzing. After additional 2 week (Weeks 14-15) recovery observation, the remaining 1/3 rats were sacrificed and analyzed in the same way.
Hematological Examination
The collected blood samples were analyzed by automatic blood cell analyzer (BECKMAN COULTER AC.T 5 Diff). Some items were selected for this study, they were red blood cell count (RBC), hemoglobin (HGB), hematocrit (HCT), white blood cell count (WBC), platelet count (PLT), mean red cell volume (MCV), hemoglobin concentration (MCH), mean corpuscular hemoglobin concentration (MCHC), red blood cell volume distribution (RDW), mean platelet volume (MPV) and platelet hematocrit (PCT). Prothrombintime (PT) was measured by Platelet aggregation coagulation analyzer (LG-PABER-I).
Blood Biochemistry Determination
Automatic biochemical analyzer (Hitachi 7020) was used for blood sample analyzing of serum total protein (TP), the serum albumin (ALB), total bilirubin (TBiL), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), blood glucose (GLU), blood urea nitrogen (BUN), creatinine (CREA), total cholesterol (CHO) and triglyceride (TG).
Organ Coefficient
Heart, liver, spleen, lung, kidney, brain, adrenal, thymus, bladder, the male rat testis, epididymis, female rats ovary, uterus were weighted, and the organ coefficient were calculated according to the following formula.
Organ coefficient (%) = organ weight (g)/body weight (g) × 100.
Histological Analysis
For histopathology, heart, liver, spleen, lung, kidney, stomach, brain, adrenal gland, thyroid gland, bladder, pancreas, trachea, male rats' prostate, testis, epididymis and female rats' ovary, uterus samples were harvested and fixed in 10% neutral buffered formalin. Subsequently, they were dehydrated in a series of ethanol and embedded in paraffin. Approximately 3.5 µm thick sections were cut, mounted on glass slides and stained with hematoxylin and eosin (H&E). The sections were observed under an optical microscope (ZEISS Axio Scope A1) at different magnifications.
Statistical Analysis
Results were statistically analyzed using SPSS17.0 software. Body and organ weights, food intake, biochemical analysis, Hematological examination and Organ coefficient results were analyzed with a one-way ANOVA with a Bonferroni post-test. For all statistical results, a P-value of ≤0.05 was considered significant.
Results
Influence on the General Condition and Body Weight of Rats
In this study, all rats showed no obvious abnormalities in animal appearance, behavior, eating, drinking, and all rats were weight increased weekly. Compared with the negative control group, the body-weight and food intake of each group rats showed no significant difference (P > 0.05) in each week through this study (Tables 1-3 ).
Influence on the Blood Cells of Rats
The influences of mulberry sea-buckthorn beverage concentrate on the blood cells were showed in Table 4 . As shown in Table 4 , compared with the negative control group, HGB was significantly increased in rats of low-dose group and high-dose group after 3 months oral exposed to mulberry sea-buckthorn beverage concentrate. However, it decreased to normal level after 2 weeks recovery by stopping feed mulberry sea-buckthorn beverage concentrate. The other indexes of Hematological examination showed no significant difference between groups of sample and group of negative control.
Influence on Blood Biochemistry of Rats
The influences of mulberry sea-buckthorn beverage concentrate on the blood biochemistry were showed in Table 5 . As shown in Table 5 , compared with the negative control group, CREA was significantly increased in all sample groups' rats after 3 months oral exposed to mulberry sea-buckthorn beverage concentrate. Furthermore, it still showed significantly increased in rats of middle-dose group and high-dose group after 2 weeks recovery by stopping feed mulberry sea-buckthorn beverage concentrate. The other indexes of blood biochemistry examination showed no significant difference between groups of sample and group of negative control. 
Influence on Organ Coefficient of Rats
In this study, all rats showed no obvious abnormalities in organ size and weight. Results were showed in Table  6 . Compared with the negative control group, the organ coefficient of each group rats showed no significant difference (P > 0.05).
Histological Analysis
After administration for 3 months and after recovery for 2 weeks, major organs of rats were picked and carefully examined when anatomizing, which were heart, liver, spleen, lung, kidney, stomach, brain, adrenal gland, thyroid gland, pancreatic, bladder, trachea, thymus, male rats' prostate, testis, seminal vesicle and female rats' ovary, uterus. And no pathological changes were seen. Some major organs were selected for histological analysis. And histopathological assessment of the heart, liver, spleen, lung, kidney, stomach, brain, adrenal, thyroid, pancreas, trachea, bladder, prostate, male rats' testis, epididymis and female rats' ovary, uterus showed no differences between the treated animals and the controls (data no shown).
Discussion
Compared with the negative control group, HGB significantly increased in rats of low-dose group and high-dose group after 3 months oral exposed to mulberry sea-buckthorn beverage concentrate. However, it decreased to normal level after 2 weeks recovery by stopping feed mulberry sea-buckthorn beverage concentrate. Hemoglobin is a pigment containing cofactor binding protein, synthetized by the human nucleated red blood cells and reticulocytes, mainly in the organism responsible for carrying oxygen. Note: For uterus, ovary, testis and epididymis, n = 8 for rats after feeding samples for 3 months; n = 4 for rats after recovery for 2 weeks.
In clinic, the HGB value increased probably due to water loss in the plasma, blood concentration, such as series fierce vomiting, severe diarrhea, chronic adrenocortical hypofunction, diabetes insipidus, hyperthyroidism and other diseases. The increased HGB value can also cause hypoxia. Hyposia leads to the increase of serum erythropoietin, and subsequently stimulates the release of red cells from bone marrow.
Research has shown that sea-buckthorn can obviously improve the athlete's vital capacity, hemoglobin, and cardiac function [7] . Another research shows that 30% mulberry liquid, once daily by gavage of 1 mL for 5 days can recover the HGB value of rats, which have been injected by acetyl phenylhydrazine to decrease the HGB value, to normal level [8] .
In this study, the significant increase of HGB value appears in the low-dose group and high-dose group presumably due to the normal pharmacological effect of mulberry or sea-buckthorn.
Creatinine (CREA) is a small molecular substance. Almost all the daily produced creatinines in vivo are excreted in the urine. Because the value of CREA generally unaffected by urine volume, detection of CREA is one of the main methods used to understand the renal function in clinic. The concentration of CREA was determined mainly by the glomerular filtration rate. The decreased filtration capacity of glomerular leads to the higher concentration of CREA. So, CREA value can reflect the renal parenchyma damage.
In this study, CREA was significantly increased in all sample groups' rats after 3 months oral exposed to mulberry sea-buckthorn beverage concentrate. And the increase amplitude of CREA was positively related to the dosage of mulberry sea-buckthorn beverage concentrate. Furthermore, it still showed the significant increase in rats of middle-dose group and high-dose group after 2 weeks recovery by stopping feed mulberry sea-buckthorn beverage concentrate. These results indicated that mulberry sea-buckthorn beverage concentrate could damage the kidney. However, related lesions were not found in the renal histopathological examination, and the organ coefficient of kidney showed no difference between sample groups and negative control group. This indicates that the damage on kidney is not serious.
